We report the continuous operation of a s7Rb maser using a laser diode as the optical pumping source. The maser uses a T&21 cavity surrounding a cell containing the atom and 10 Torr of No as a buffer gas. The optical pumping is accomplished by using a commercial laser diode frequency-locked with the use of an external rubidium cell. The maser output power and frequency are presented for various optical pumping conditions.
Introduction
The incoming on the market of high quality, low price laser diodes, brings many opportunities in metrology. This is especially true in optical pumping experiments where their tunability permits the replacement of the traditional spectral lamp. Recently, many papers reported their use for the optical pumping of various alkalis such as cesium [l] [2] . We used a similar technique to o p tically pump the rubidium maser, replacing the common lampfilter cell configuration [3] . This conventional standard showed a frequency stability of about 5 x lo-" but the light fluctuations were a major cause of long-term instabilities.
Description
The maser (Fig. l) , use8 a TE& electromagnetic cavity enclosing a cell in which a s7Rb gas is present with about 10 Torr of N2 used as a buffer gas. The cavity is made of a quartz cylinder coated with silver and its resonance frequency is about 6.834 GHz corresponding to the transition between the two ground state hyperfine levels of the atoms. One end of the cavity is equipped with a coupling loop to bring the maser signal to the receiver, and a piston for its fine frequency tuning. The other end is equipped with a screen made of a silver corrugated ribbon so the pumping light can enter into the cavity.
The pumping light is derived from a commercial laserdiode selected for use at 780.02 nm, corresponding to the temperature of the laser with the use of a thermoelectric cooler. The fine tuning is achieved with the change of the injection current. The light is fist collimated and injected into the maser cavity. Some part of it is injected into an external cell in order to lock the laser frequency.
Optical pumping
The optimal operation of the maser arises when the beam entering into the maser is small so the atoms are rapidly pumped as they e r a s the light beam and then the relaxation of their coherence is kept to a minimum due to the fact that they evolve "in the dark" [4] . A simple model using the rate equations showed that about 20 percent of the population inversion is achieved [5] . A more complex pumping scheme using two lasers could be used to enhance this efficiency.
Results
The maser output power and frequency will be presented for various optical pumping conditions. The frequency stability of the m e r was measured under these conditions and showed a frequency dicker noise of 1 x lo-", leading to a laser sta bility of 5 x which is typical for this setup [SI. The light pulling c d c i e n t can be improved by using a sinusoidal modulation instead of the added noise. This permits the frequency-locking of the laser on the absorption line of the external cell. The stability of the frequencylocked laser have been shown to be nearly two orders of magnitude better [SI which will improve the maser stability to about 5 x 10-13.
We also show that the use of a modulation frequency greater than a few kHz eliminates the frequency modulation which would otherwise be present on the maser signal.
Conclusions
This new pumping scheme will permit the construction of more powerful, more compact frequency standard with less power consuming which could be more suitable for many applications. Also further developments could be investigated, for example using two lasers for optimum pumping of the atoms.
